Arsenic (As) is a carcinogenic substance. It increased in crop grown in field soil from ground water 20 irrigation. Subsequently As transport into the human body through food chains. The reduction of 21 As transport in root, shoot and grain of pea genotypes is significantly important to protect human 22 health. This research is focused on the biomass growth and alleviation of As accumulation in root, 23 shoot and grain of pea genotypes in high As soil (30mgkg -1 ) amended with arbuscular mycorrhizal 24 fungi (AMF), biochar (BC) of rice husk and saw dust, selenium (Se), silica-gel (Si), and sulfur 25 (S). Shoot length, root, shoot and pod mass were generally higher in pea crops grown in soil 26 amended with AMF, Se, Si-gel and S. Rice husk and saw dust BC less consistently increased 27 some growth parameters, particularly in genotype BARI Motor 2. However, the BC's more often 28 reduced growth and pod mass. All treatments significantly reduced As concentration in tissues; As 29 in grains was reduced on average 60% by any of the soil amendments. AMF, Se and Si-gel all 30 were found more effective than BC for the reduction of As uptake in pea crops. As in grains was 31 reduced 77% by AMF, 71% by Se and 69% by Si-gel on average. As in root, shoot, and grain was AMF, Se, S, Si-gel and BC reduce arsenic uptake in plant biomass 32 also affected by variety; in control treatments, total As uptake in plants pot -1 of BARI Motor 1 and 33 3 was found 60 to 70% higher than BARI Motor 2. Comparing the variety and treatment with most 34 As in grains (BARI Motor 1 control, 0.35 mg As kg -1 ) and least As in grains (BARI motor 1, 2 & 35 3 with AMF with 0.07 mg As kg -1 ), the choice of variety and soil amendment could reduce human 36 intake of As through pea by 80%. It is recommended that choice of pea variety and soil amendment 37 with AMF and Se have great potential for improving the nutritional quality of pea grown in As 38 contaminated soil, as well as reducing As transfer to human bodies through food chains in pea 39 crops.
Introduction 42
Arsenic is a natural toxic element. It has been used as a pesticide, a chemotherapeutic agent and a 43 constituent of consumer products. Arsenic has two forms, inorganic and organic existing in the 44 trivalent or pentavalent state. Trivalent As is generally more toxic than the pentavalent form. A from the local market in Bangladesh. On the other hand, selenium metal powder (Se) Qualikems- 148 India, silica gel (Si-gel) Loba chemie-India, sodium arsenate (Na 2 HAsO 4. 7H 2 O) Sigma-India, and 149 hydrated ferrous sulfate (Fe 2 SO 4 .7H 2 O), Scharlau, Spain were used in this pot experiment.
150
Preparation of samples 151 The collected soil samples from the farmer's field in Bangladesh were brought into the Department 152 of Environmental Science at Bangabandhu Sheikh Mujibur Rahman Agricultural University 153 (BSMRAU). Initial soil samples of 250-300 (g) were taken from each composite using the 154 guidelines of the [33] . The soil was air dried at room temperature in the laboratory. Samples were 155 then ground and sieved with a ≤250 μm mesh and preserved in polythene bags with proper labeling. 156 Trichoderma enriched bio fertilizers and different BC samples were also prepared for chemical soil (5.0584 mgkg -1 ) was increased to 30 mgkg -1 through addition of sodium arsenate dibasic 172 heptahydrate (Na 2 HAsO 4. 7H 2 O) as a source of As. Each kg of soil in pots received 0.1041 g 173 sodium arsenate to reach 30 mg As kg -1 soil.
174
Arbuscular Mycorrhizal Fungus (AMF) 175 AMF samples were collected from International Culture Collection of (Vesicular) Arbuscular 176 Mycorrhizal Fungi (INVAM), West Virginia University (Morgantown, WV, USA). These AMF 177 samples were found mixed with soils and roots and housed in brick lined pits under the research 178 field of Environmental Science at BSMRAU. A mixture of AMF in soil and roots was cultured in 179 a concrete structured seed bed for multiplication as a source of AMF with the host plant of 180 Sorghum. Before using of AMF in pot soils, Mycorrhizas spores in the soil and vesicle, hyphae, 181 arbuscules in the root samples were observed [39, 40] . Pots were inoculated at 40 g AMF soil kg -1 182 pot soil.
183

Nutrient augmentation in soils by fertilizers for growing pea crops 184
Four kg of ground soils with 200g Trichoderma-enriched bio-fertilizers were mixed together in 185 each pot. According to the recommendations of the Bangladesh Agricultural Research Institute 186 (BARI), Urea 90 mg, TSP 180 mg, and MOP 70 mg were incorporated into the soil in each pot.
187
Then, 7-10 pea seeds of each genotype were sowed in each pot.
188
Treatments and replications 189
Three genotypes of BARI released field peas were collected for this pot experiment. These three 190 genotypes of BARI Motor 1, BARI Motor 2, and BARI Motor 3 were selected based on their 191 dissimilar height. With these genotypes there were ten (10) treatments (T 1 = rice husk biochar, T 2 192 = saw dust biochar, T 3 = AMF, T 4 = selenium (20 mgkg -1 ), T 5 = selenium (30 mgkg -1 ), T 6 = silica 193 gel (Si) 5 gkg -1 soil, T 7 = silica gel (Si) 10 gkg -1 soil, T 8 = sulfur (S) Fe 2 So 4 .7H 2 O 50 mgkg -1 (S),
194
T 9 = sulfur (S) Fe 2 SO 4 .7H 2 O 100 mgkg -1 (S), and T 10 = control). All soils were prepared at an arsenic concentration of 30 mgkg -1 . Five replications were used in this pot experiment and total 196 number of pots was 150. As a final point, these three field pea genotypes were also grown in 5.0584 197 mgkg -1 As concentrate background soils in pots. Five replications also followed in this stage for a 198 total number of 15 pots. week 14. All samples were dried in an oven at 55 0 C for 72 hours towards the digestion of samples 205 for the determination of As uptake in root, shoot and grains of pea crops. Grains were separated 206 from pod by hand with gloves. Gloves in hand were changed during the separation of grain for 207 each samples. Then samples were ground separately by coffee grinder using liquid nitrogen. This 208 grinder was cleaned between the samples through tissue paper with ethyl alcohol (C 2 H 5 OH).
209
These ground root, shoot and grain samples were sieved with 250µ mesh. Then all samples were 210 kept in envelopes with proper labeling.
211
Digestion of samples 212
Soils, roots, shoots and grains of pea crops were digested separately following the heating block 213 digestion procedure [37] . Of the soil samples including tricho-derma and bio char's, 0.2 g were 214 taken into clean, dry digestion tubes and 5 ml of concentrate HNO 3 and 3 ml concentrate HClO 4 215 added to it. The mixture was allowed to stand overnight under a fume hood. On the following day, 216 this vessel was put into a digestion block for 4 hours at 120 0 C temperature. Similarly, 0.2 g ground 217 root, shoot and grain samples were put into clean a digestion vessel and 5 ml concentrate HNO 3 218 was added to it. The mixture was allowed to stand overnight under the fume hood. On the following AMF, Se, S, Si-gel and BC reduce arsenic uptake in plant biomass 219 day, this vessel was put into the digestion block for 1 hour at 120 0 C temperature. The content 220 cooled and 3 ml HClO 4 was added to it. Again, samples were put into the heating block for 3-4 221 hours at 140 0 C. Generally heating stopped whenever a white dense fume of HClO 4 was emitted 222 into air. Then samples were cooled, diluted to 25ml with de-ionized water and filtered through 
Results
241
Shoot length 242 The length of shoot of BARI Motor 1 & 2 pea genotypes grown in soils with an arsenic 243 concentration of 30 mgkg -1 treated with arbuscular mycorrhizal fungi (AMF), biochars (BC), 244 selenium (Se), sulfur (S) and silica (Si-gel) were found statistically similar. The shoot length of 245 BARI motor 1 treated with AMF, Se and S was found significantly higher (p≤ 0.001) than control. 246 However, the shoot length of BARI motor 2 treated with Se (T 5 ) and S (T 8 ) both were found 247 significantly higher than control during the week 10 at 30 mg As kg -1 soils. Selenium (Se), Si-gel 248 and S treated shoot length of BARI Motor 3 pea genotypes grown in soils with an As concentration 249 of 30 mgkg -1 were found significantly higher than control at week 10. Treatment of AMF was 250 found statistically similar with the treatment of Si-gel and S for increasing shoot length in BARI 251 Motor 3 pea genotypes during the week 10 at 30 mgAskg -1 soils. The shoot length of these pea 252 genotypes increased by 8, 20, 31, 28, and 20% following BC, AMF, Se, S, and Si-gel treatments, 253 respectively. Notably, Se is possibly effective for increasing of the length of shoot in pea genotypes 254 grown in soils with an As concentration of 30 mgkg -1 (Fig 1) .
255
Root, shoot and pod mass of pea genotypes 256 In BARI Motor 1, 2 &3 pea varieties in 30 mgAskg -1 soil, root biomass was found statistically 257 similar among the treatment of AMF, BC, Se, Si-gel, and S. However, Se (T 5 ) and BC (T 1 ) 258 significantly increased the root mass in BARI Motor 1 pea genotypes compared with that of 259 control. As well, the root mass of S treated (T 9 ) BARI Motor 3 was found statistically higher (p≤ 260 0.001) than that of control at week 14. The root mass of these pea genotypes increased by 30%, 261 52%, 55%, 52%, and 33% following BC, AMF, Se, S, and Si-gel treatments, respectively. AMF,
262
Se and S are equally effective for increasing root mass in these pea genotypes (Fig 2) . The shoot 263 mass of AMF, Se, Si-gel, and S treated BARI Motor 1 & 3 were found significantly higher than that of control during the week 14 at 30 mgAskg -1 soils. In BARI Motor 2, all treated shoot mass 265 was found statistically similar with control at same concentration of As in soils. The shoot mass 266 of pea genotypes increased by 13%, 70%, 92%, 92% and 80% following BC, AMF, Se. Si-gel and 267 S treatments, respectively (Fig 3) . The pod mass of AMF, Se, Si gel and S treated BARI Motor 1 268 &3 were significantly increased compared with that of control during the week 14 at 30 mgAskg -269 1 soils. AMF treated pod mass in BARI Motor 2 was found statistically similar with Se, Si-gel, BC, 270 and S treated pod mass. The pod mass of these pea genotypes increased by 45%, 54%, 45% and 271 45% following AMF, Se, Si gel, and S treatments, respectively (Fig 4) . Dry weight of root, shoot 272 and pod were found to be significantly higher in BARI Motor 1 & 3 than BARI Motor 2 pea 273 genotypes.
274
Treatments with BC, AMF, Se, Si-gel and S reduced arsenic uptake in 275 root, shoot and grain in pea genotypes of BARI Motor 2 and 3 pea genotypes grown in background soils (As concentration 5.0584 mgkg -289 1 ) (p≤ 0.05) (Table 3) . Figs.1-4) . BC increase cation exchange capacity (CEC), and availability of soil macro-and 308 microelements in As contaminated soils [46, 47, 48, 49] . In addition, BC reduce mobility of other 309 heavy metals through altering redox potential in tomato and sweet corn crops [18, 50, 51] . Likewise, uptake and phyto-toxicity by modulation of phenolic compounds and increase biomass growth and 356 nutritional quality of food crops [80, 81] . (Table 3) .
369
Application of Sulfur (S) in As contaminated soils increase biomass growth in plants [94] . S reduce 370 As translocation from soils to roots and grains in legume crops. This element (S) induced iron 371 plaque and glutathione in leaves and roots that mechanism deters As uptake in the biomass of food 372 crops [95] . Arsenic uptake hindered by the application of S content fertilizers in rice plants, 373 however, variable results have been observed [96, 97, 98] . A recent study by [99] assessed the effect Total As uptake by plants was reduced by most soil treatments in most varieties (Table 3) . This is 379 true despite the great increase in tissue and pod yields due to Se and AMF treatments. BC's on 380 average reduced total As uptake by 30%, and Se and AMF by 13% and 19%, respectively (Table   381 3). The larger reduction in total uptake by BC's is largely due to the loss of biomass in BC 382 treatments, vs. increase in biomass in Se and AMF treatments. Concentration of As in roots was 383 consistently reduced by AMF and Se, giving no indication that As was sequestered within the root 384 or AMF tissue. Proportion of total plant As uptake held in roots was also found lower in AMF and 385 Se treated crops. If AMF were reducing translocation of As from roots into shoots, concentration 386 or proportion of As in roots of mycorrhizal plants would be greater than that in non-mycorrhizal 387 plants. Rather, the proportion of total As uptake found in shoots vs. pods was affected by both Se 388 and AMF but not by BC's. The proportion of As uptake found in shoots was increased 6% by Se 389 and 4% by AMF, and decreased in pods by 49% by Se and 50% by AMF. Choice of pea variety 390 should be determined by the soil condition. On average, these 3 varieties yielded only 97% as 391 much pod mass in high As soil as in low As soil (Table 3) . AMF and Se treatments improved pod 392 yields in high As soils of these pea varieties. 
